The noise generated by vehicular traffic is a major source of discomfort for urban residents 
Introduction
There are many existing environmental problems that must be addressed (de Lacerda, Magni, Morata, Marques, & Zannin, 2005) . Large cities are suffering from the major consequences of urban growth (World Health Organization -WHO, 2011) , which include a range of problems that affect residents' quality of life and contribute to environmental degradation (Alves, Silva, & Remoaldo, 2015) .
Environmental degradation is caused by various types of pollution (Bachmann, Carneiro, & Espejo, 2013) ; one of these is the noise pollution present in the daily lives of people living in large cities (Brito, 2017; Mendonça, Suriano, Lucas De Souza, & Viviani, 2013) . Increases in noise pollution can come from various sources, such as vehicle traffic, leisure activities, and certain work environments (Zannin, Calixto, Diniz, Ferreira, & Schuhli, 2002) .
Noise from vehicular traffic, caused by tire and road contact, and increased speed that has resulted from improved engine conservation and aerodynamics (Hanson et al., 2005) , is one of the main sources of noise pollution (Zannin et al., 2002) . Vehicle noise contributes a great deal to the soundscape of big cities (Ravinder & Belachew, 2014) .
In Europe, countries are increasingly looking for innovative ways to reduce traffic noise emissions It has been established that an increase in urban noise exposes the population to a greater risk of diseases related to high noise levels (da Paz, Ferreira, & Zannin, 2005) . When noise rises above levels permitted by Brazilian legislation, it can cause irritability, altered metabolism, changes in sleep patterns, and a lack of concentration in residents (de Lacerda, Figueiredo, Massarolo Neto, & Marques, 2010) .
A survey carried out by Lacerda et al. (de Lacerda et al., 2005) in the city of Curitiba, which aimed to identify the psychosocial reactions of the population to environmental noise, showed that the sources that most disturb residents are traffic noise (66.8% of the 892 interviewed), followed by neighbors (33.1%).
The results of a study conducted in the city of Aracaju showed that high traffic noise levels significantly affected the population (Guedes & Bertoli, 2014) .
The Brazilian Association of Technical Standards' (ABNT) directive NBR 10151/00 (ABNT, 2000) establishes the conditions for noise assessment in inhabited areas, with procedures and classifications specific to the type of area being studied. It also establishes the Level of Evaluation Criterion (NCA) for the daytime and nighttime periods.
In light of the heavy traffic in São Luís, this study monitored urban noise in the city by measuring noise levels at established points and comparing their values to the limits set by current legislation.
Introdution

Materials and Methods
Study Area Characterization
The study area comprises the urban perimeter of the city of São Luís (Figure 1) Twenty-five sampling points were selected to evaluate the noise levels in different types of areas, as shown in Figure 2 .
Figure 2 -Location of the sampling points
Each point was classified by area according to NBR 10151/00. Table 1 presents the NCA for each area, which is the maximum level allowed for the daytime period. with the weighting curve adjusted to A to represent the threshold of human hearing, and fast response mode activated.
Materials and methods
Noise measurements were conducted for a total of six months in May, July, September, and
November of 2017, and in January and March of 2018. Measurements were carried out during one week (from Monday to Sunday) of the month, always between the hours of 11:00 to 13:00. To accurately assess acoustic behavior, all measurements were taken at the same time during the study months. 
where n is the total number of readings, Li is the sound pressure level in dB(A) read in rapid response (fast) every 5 s throughout the measurement time. The standard deviation and the coefficient of variation were calculated, and the ANOVA and Tukey Significant Difference (TSD) tests were performed to verify the significance of the data.
Results and Discussion
Leq was calculated for all sampling points, as was the mean of the days of the week of each month (Table 2) and their respective standard deviations. The ANOVA test was performed at p <0.05 and significant differences were found between the calculated means. The averages followed by the same letter do not differ statistically from each other, showing which sampling points are statistically the same. 
Results and discussion
The weekly average shows that the values for the analyzed months are very similar, which shows that there was a standard for the established time. Comparison of these points with the NBR 10151/00 values can be seen in Figures 3-6 . Sampling points 1, 5, 6, 11, 12, 13, 16, 18, 22, and 23 are located in mixed-use areas containing residences, shops, schools, hospitals, and large roads. There is also a high turnover of people due to the nearby shops and schools, which leads to a higher amount of traffic. Figure 3 shows that all of these sampling points are above the NBR 10151/00 permitted limit of 60 dB(A) for the daytime. Heavy vehicle traffic, caused in part by a large number of people visiting shops, is the most influential source of high noise levels in the area. Brito (2017) identified that in areas near the main avenues the noise level is approximately 10 dB(A) above that allowed by NBR 10151/00, corroborating the results shown in Figure 3 . Points 10, 14, 15, and 21 are points located in predominantly residential areas which, according to NBR 10151/00, have a maximum allowed limit of 55 dB for the measurement time ( Figure 5 ). The most critical points are 10 and 15, as they are neighborhoods intersected by two-way, high traffic routes that provide vehicular access to the central part of the city. As a result of this, these points present high noise levels. As the city of São Luís undergoes major changes in traffic, neighborhoods tend to exhibit increased noise levels (Bessa & de Lima, 2017) . Measures to reduce traffic noise should be taken to prevent this problem from spreading to other regions. 
Mean Allowed Limit
Points 8 and 9 are very different from the others since they were measured in an area of environmental preservation. In the surroundings of this area there is a great circulation of vehicles as it is a place of access to several well-populated neighborhoods; however, it also contains a park for recreation activities. The purpose of these sampling points was to verify the extent to which vehicle traffic noise can be reduced with green spaces. The two points measured in this area are within the allowed NBR 10151/00 limit of 40 dB(A).
According to Szeremeta and Zannin (2013) , green spaces can improve residents' quality of life, and their conservation is of paramount importance to public health.
The analysis of the data showed homogeneity for the established time, which can be confirmed by the coefficient of variation (CV) as shown in Figure 7 . 
Points Noise dB(A) Coefficient of Variation (%)
The pattern of noise emission in the city over the study's monitoring period is characterized by a very low coefficient of variation.
